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Abstract— The Australian National Electricity Market (NEM) 
continues to move from a predominantly government owned and 
managed market to a more competitive, commercial one. Hence, 
transmission pricing plays an important role in NEM transmission 
network business. Currently, the NEM has been using the Cost 
Reflective Network Pricing (CRNP) and Modified Cost Reflective 
Network Pricing (MCNRP) method for transmission service charges. 
The drawbacks of both methods are (1) the load is burden with high 
transmission use of system (TUoS) charges as this charges is only 
paid by load (2) inaccurate transmission pricing method as the 
contribution of counter flows and local load case are totally being 
neglected. Hence, in this paper, a novel transmission pricing method 
which is called Distribution Factors Enhanced Transmission Pricing 
(DFETP) method is introduced in order to increase the utilization 
efficiency of the network as well as to promote the green technology 
in a market environment. 
 
Index Terms— Cost Reflective Network Pricing, Modified 
Cost Reflective Network Pricing, Distribution Factors Enhanced 
Transmission Pricing, local load case, transmission use of system 
charges. 
 
I.  NOMENCLATURE 
JDFs:  Justified Distribution Factors 
GGDFs: Generalized Generation Distribution Factors 
GLDFs: Generalized Load Distribution Factors 
ASRR:   Annual Service Revenue Requirement 
Gi:   Generator located at bus i 
Li:   Load located at bus i 
fk(u):  k-circuit flow caused by customer u 
௞݂:   k-circuit capacity 
Ck:   Cost of circuit k includes the circuit distance 
RGi:   Total charge remunerated to generator Gi for using  
the set of circuit k’s 
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RLi: Total charge remunerated to load Li for using the set 
of circuit k’s 
Kk:  Capacity of circuit k 
nlin:   Total number of circuits k’s within the network 
 
II.  INTRODUCTION 
 
nergy markets in Australia are evolving and dynamic. 
Policy responses to climate change are likely to accelerate the 
pace of change significantly. Currently, the Australian energy 
sectors are heavily reliant on fossil fuels and, in particular, 
coal. The transition to a lower carbon energy sector therefore 
implies large shifts in how we generate, transport, and 
consume electricity and gas [1].  
The Australian Government intends to commence the 
Carbon Pollution Reduction Scheme (CPRS) in 2011 [1]. The 
scheme specifically seeks to place a price on carbon emissions 
across most industry sectors of the economy. This is expected 
to decrease in greenhouse gas emissions and provide financial 
incentives for investment in low carbon technology as 
businesses target to reduce their exposure to the costs of 
carbon [1]. In addition to the CPRS, the expanded Renewable 
Energy Target (RET) scheme also has been introduced to 
ensure that twenty percent of Australia’s electricity supply is 
generated from renewable sources by 2020 [1].  
The CPRS and expanded RET will drive large changes on 
behavior and investment in Australia’s energy market 
including the transmission pricing issue. According to 
Australian Energy Market Commission (AEMC) [1], under 
these schemes, the existing incentive frameworks for 
generators are likely to result in poor location and retirement 
decisions by generators. While there are a number of factors 
that inform location and retirement decisions, the existing 
frameworks have limited signals that reflect the consequential 
costs to the network of a particular location decision. 
Generators do not currently have an effective signal to help 
identify which locations within a region minimizes the cost of 
delivering reliable supply, accounting for any consequential 
transmission costs. In turn, the timing of generator decisions 
does not effect in the value to the market of making network 
capacity available to a more efficient generator. As a 
consequence of poor location and retirement decisions, an 
undesirable outcome may be the over-provision of 
transmission compared to what would otherwise be efficient. 
This is because transmission investment follows generation 
decisions under the current network incentives. Therefore, 
A New Transmission Charging Methodology 
for Australian National Electricity Market 
N. H. Radzi, Member, IEEE, Z. Y. Dong, Senior Member, IEEE, and M. Y. Hassan, Member, IEEE 
E
978-1-4577-0875-6/11/$26.00@2011 IEEE
 where generation investment is inefficient
transmission investment may also be inefficie
another reason why the limited signals that 
decisions are likely to result in undesirable 
under both schemes. 
Therefore, the AEMC have recommends 
energy market frameworks in respect of ho
customers use the network and how net
operate and investment are made. T
recommends to the Ministerial Council on En
• A transmission charge should be intr
network costs to generators, in particular the
costs vary by location. 
• In principle, generators should be able
pay for an enhanced level of transmission ser
 
Consequently, this paper focuses on the d
efficient transmission pricing scheme where 
can be addressed for the Australian NEM.  
 
III.  NEM TRANSMISSION PRICI
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Fig. 1. The structure of Australian transmis
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echanism should recover 
costs to transmission line 
plement the usage-based 
essentially important to 
n usage. However, due to 
 the nonlinear nature of power flow, it is difficult to determine 
an accurate transmission usage. On the other hand, from an 
engineering point of view, it is possible and acceptable to 
apply approximate models or sensitivity indices to estimate 
the contributions to the network flows from individual users 
[5]. The distribution factors approach which traditionally used 
in power systems for security and contingency analysis can be 
used to overcome this allocation problem. However, this 
method has some weaknesses since they are relying on some 
conditions. For instance, the set of distribution factors for a 
pair of nodes found using a particular reference bus differs 
from the one using another bus [1]. This could cause more 
time used to generate new set of distribution factors if the 
users request to use different reference node to accommodate 
their transactions [2]. To overcome this problem, a new 
technique has been successfully implemented independent of 
the references bus by making use of the properties of the 
distribution factors which is called JDFs. In this paper, the 
result generated from the JDFs, will be used in GGDFs and 
GLDFs in order to calculate the contribution of each market 
participant to the transmission line system. 
 
i. Justified Distribution Factors (JDFs) 
 JDFs was originally used to solve the congestion 
curtailment in bilateral trading [6]. This factor, which is 
derived in [6], has advantages over the original distribution 
factor [7], whereby the elements in the distribution matrix do 
not vary with the reference bus position [8]. In this paper, 
JDFs is formed by adding a justification factor Jij to the 
original DFs, so that distribution factors for line i-j at bus i and 
bus j have the same magnitudes but opposite signs, where 
mathematically [6]: 
 
ܬ௜௝௠ ൌ െ
஽ி೔ೕ೘ሺ௜ሻା஽ி೔ೕ೘ሺ௝ሻ
ଶ                          (1) 
 
ܬܦܨ௜௝௠ ൌ  ܦܨ௜௝௠ ൅ ܬ௜௝௠ሼ1ሽ                       (2) 
 
Arithmetic shows that: 
 
ܬܦܨ௜௝௠ሺ݅ሻ ൌ  ܬܦܨ௜௝௡ሺ݅ሻ                        (3) 
 
In [6], it has been shown that JDFs do not only have the 
advantage that it is independent of the reference bus, but it 
also shows localized and meaningful numeric values. The 
JDFs corresponding to the starting and ending nodes of the 
line in question are equal in magnitude and opposite to each 
other and their magnitude is larger than those of any other 
JDFs for the same line.  
According to [8], this JDFs  is used to trace the power 
flows in transmission lines for the base case and transaction-
related flows. The power flow in line i can be traced using (4). 
 
௜ܲ ൌ  ∑ ܬܦܨ௜௝. ௝ܲ௠௝                       (4) 
 
where ܬܦܨ௜௝ is the factor for line i with respect to bus j, ௝ܲ is 
the net injection power at bus j and m the number of buses.  
ii. Generalized Generation Justified Distribution 
Factors (GGJDFs) or JD Factors 
 The steps to obtain GGJDFs or JD factors are still same as 
GGDFs approach except they use JDFs to replace A factors 
through [4]: 
 
ܬܦ௜ି௝,௚ ൌ  ܬܦܨ௜ି௝,௚ ൅  ܬܦ௜ି௝                   (5) 
 
where ܬܦ௜ି௝ is calculated by: 
 
ܬܦ௜ି௝ ൌ  ൫ி೔షೕି ∑ ௃஽ி೔షೕ,೒೒  ൈ  ீ೒൯൫∑ ீ೒೒ ൯                   (6) 
 
JD factors, JDi-j,g relates generation Gg in a given bus g with 
actual power flow Fi-j in a line i-j: 
 
ܨ௜ି௝ ൌ  ∑ ܬܦ௜ି௝,௚ ܩ௚௚                                                  (7) 
 
iii. Generalized Load Justified Distribution Factors 
(GLJDFs) or JC Factors 
 GLJDFs is also formulated based on JDFs instead of using 
A factors and mathematically written as [4]: 
 
ܬܥ௜ି௝,ௗ ൌ  ܬܥ௜ି௝ െ ܬܦܨ௜ି௝,ௗ                   (8) 
 
where ܬܥ௜ି௝ ൌ  ൫ி೔షೕା ∑ ௃஽ி೔షೕ,೏ ൈ ௅೏೏ ൯  ሺ∑ ௅ௗ೏ ሻ                (9) 
 
The actual power flow Fi-j in a line i-j can be traced by relating 
the JC factors with load, Ld  in a given bus d: 
 
ܨ௜ି௝ ൌ  ∑ ܥ௜ି௝,ௗ ܮௗ௝                       (10) 
 
B. Allocating Percentage of Usage 
 
 The transmission utilities differ in justification of their 
methods to allocate the use of system charges to the users. In 
this context, the users can be defined as generators, and 
demands. Thus, it has to be decided that who has to pay the 
charges. Three characteristics are possible: (1) all charges are 
assigned to the generator (2) all charges are assigned to the 
demand (3) the charges are shared between the generator and 
the demand which is fair for both market users. However, in 
order to create a fair environment in transmission pricing, the 
allocation schemes should have the following properties such 
as; it provides complete cost recovery of the transmission 
services and the allocation is based on the actual usage of the 
service, i.e. generators or demands are charged for 
transmission services based on their actual use of each 
transmission network. In this paper, the percentages of 
charging between the users are considered to be divided 
equally which is 50% to the loads and 50% to the generators. 
In practice, the cost would be shared between the generator 
and the consumer in certain ratio, which would be determined 
by the regulatory authority [9]. 
 
 
 
 C. Transmission Pricing Methods 
 
The transmission pricing methods are distinguished to 
two parts: (1) Locational charges (2) Non-locational charges. 
The most common method for locational charges that have 
been implemented by the utilities is the MW-mile method. 
This method is the first transmission pricing strategy proposed 
for the recovery of fixed transmission costs based on the 
actual use of transmission network [10]. The issue in this 
method is concerning with the counter flow users. This issue is 
still being debated on what basis the credit or reward should 
be given to the transmission user who reduces the total net 
flow of the transmission system. However, many transmission 
utilities felt uncomfortable with the idea of providing a service 
and in addition paying the users for using it. The reason is 
clear because by giving the credit to the transmission users for 
their contribution in counter flow could cause difficulties to 
the transmission utilities to recover the revenue requirement. 
Hence, the MW-mile method (negative-flow sharing) was 
introduced in [8]. For the non-locational charges, the Postage-
stamp coverage method has been used by the transmission 
utilities for instance Electricity Supply Board National Grid 
(EirGrid)-Republic Ireland, and Transend-Australia to cover 
the total transmission revenue. This method can accurately 
cover the total revenue but it seems not fair and equitable if 
there is a local load case in the transmission network system. 
Therefore, a tracing-based Postage-stamp method is 
introduced in this paper where the individual users are charged 
based on their actual usage of transmission lines system either 
the network system consists local load case or not. 
 
i. MW-mile method (negative flow-sharing approach) 
 
In [8], counterflow or negative flow is the flow component 
of a particular transaction that goes in the opposite direction of 
the net flow. In the original MW-mile formulation as well as 
some usage-based allocation pricing rules, the impact of each 
transaction on the flows is measured by the magnitude so that 
all transmission users irrespective of the flow directions are 
required to pay for the use of paths providing the service. 
However, in view of the contributions of counter flows in 
relieving the congested transmission lines, the proposals of 
giving a negative charge or credit to the users producing 
counter flows may not be easily accepted by the transmission 
service providers. In the proposed approach, the transmission 
owner and the users will share the benefits of the counter flow 
using the profit-sharing approach. The concept and 
formulation of the proposed approach in detail is explained in 
[8]. In this method, the negative value of fk(u) is shared 
between the transmission owner and users using profit sharing 
factor, r. This factor is determined according to the willingness 
of the transmission owner to share profit with the transmission 
users [11]. The charge levied to the user for using set of circuit 
k’s can be expressed mathematically as:  
 
ܴሺݑሻ ൌ ∑ ܥ௞ ௙ೖሺ௨ሻ௙ೖ௔௟௟ ௞                (11) 
 
Where ௞݂ሺݑሻ ൌ  ൅ ௞݂ሺݑሻ ൅ ଵ௥  |െ ௞݂ሺݑሻ|               (12)
   
ii. Tracing-based Postage-stamp method 
 
The purpose of this method is to trace the actual usage of an 
individual user in the transmission line and charge them based 
on the actual amount of power usage in the transmission 
network. This method can be implemented to both network 
systems either with or without local load case in order to 
determine a fair and equitable transmission charges for market 
users. 
For generator, we determine the power injected from Gi to 
the transmission line which are connected directly to the bus i 
where the Gi is located.  
Power from generator at bus i, Gi, injected to transmission line 
system: 
 
ܲீ ௜் ൌ  ௜ܲ௫ ൅  ௜ܲ௬ ൅  … ൅ ௜ܲ௡                  (13) 
 
where Pin is the power flow in the transmission line n which 
connected directly with the bus i where generator, Gi is 
located. 
 
Remaining of ܩ௜ ሺܴܩ௜ሻ ൌ  ܲீ ௜ െ ܲீ ௜்  ,  ܲீ ௜ ൐  ܲீ ௜்          (14) 
 
where PGi is the power generation. 
 
Gi contribute to Li = RGi                     (15) 
 
Hence, the actual usage of Gi in the transmission line system is 
PGiT. 
 
For load, the steps are similar with the generator in order to 
trace the power usage in transmission line system. 
Li used  the transmission line system: 
 
௅ܲ௜் ൌ  ௜ܲ௫ ൅  ௜ܲ௬ ൅ … ൅ ௜ܲ௡                  (16) 
 
where Pin is the power flow in the transmission line n which is 
connected directly with the bus i where load, Li is located. 
 
Remaining of ܮ௜ ሺܴܮ௜ሻ ൌ  ௅ܲ௜ െ ௅ܲ௜்  , ௅ܲ௜ ൐  ௅ܲ௜்            (17) 
 
where PGi is the power demand. 
 
Li received power from Gi = RLi                  (18) 
 
Therefore, the actual usage of Li in the transmission line 
system is PLiT. 
 
The development of new technique for transmission pricing 
method is to charge the market participants based on the actual 
usage in the transmission line system. The actual power usage 
in the line system from (13) and (18) will be used in Postage-
stamp coverage method to achieve a fair and equitable 
transmission service charge methodology. 
 
Tracing-based Postage-stamp method can be described by the 
following equations (19) – (22): 
 
 
 
 For generator: 
 
ܲܵ ൌ  ሺ ௉೎ ∑ ஼ೖሻି ∑ ோಸ೔೙೔సభ೙೗೔೙ೖసభ∑ ௉ಸ೔೅೙೔సభ                  (19) 
 
Where Pc is percentage cost allocation of each network user 
 
Modified locational tariff for Gi: 
ߨீ௜ ൌ  ோಸ೔௉ಸ೔೅                          (20) 
 
For load: 
 
ܲܵ ൌ  ሺ ௉೎ ∑ ஼ೖሻି ∑ ோಽ೔೙೔సభ೙೗೔೙ೖసభ∑ ௉ಽ೔೅೙೔సభ                  (21) 
 
Modified locational tariff for Li: 
 
ߨ௅௜ ൌ  ோಽ೔௉ಽ೔೅                          (22) 
 
The proposed approach can be summarized by the block 
diagram below in Figure 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Proposed distribution factors enhanced transmission pricing method 
V.  CASE STUDIES 
The proposed approach has been tested on the network with 
and without local load case which are the 10-machine IEEE 
39-bus (New-England) system and the 59-bus system of the 
South East Australian power system respectively, using 
Matlab programming system. The purpose of this testing is to 
show its ability to provide appropriate revenue to the 
transmission owner in a large transmission network system. 
These case studies are based on DC power flow where losses 
are neglected.  
 
Case 1: 10-machine IEEE 39-bus (New-England) system 
system (with local load case) 
 
Figure 3 shows the IEEE 39-bus (New England) system 
with local load at bus 31 and 39. Let the transmission revenue 
is $12,224,200.  
 
 
 
Fig. 3. 10 machine IEEE 39-bus (New England) System 
 
 
TABLE I 
GENERATORS USAGE OF TRANSMISSION LINES SYSTEM 
 
 
Users Generation (MW) 
Actual Power 
Usage (MW) 
Remaining of 
Gi (MW) 
G30 (G10) 250 250 0 
G31 (G2) 1000 919.62 80.38 
G32 (G3) 650 650 0 
G33 (G4) 632 632 0 
G34 (G5) 508 508 0 
G35 (G6) 650 650 0 
G36 (G7) 560 560 0 
G37 (G8) 540 540 0 
G38 (G9) 830 830 0 
G39 (G1) 1000 833.23 166.77 
Calculate net power flow each line using JDFs 
Trace the power contribution from each generator to line using 
GGJDFs 
Trace the power contribution from each load to line using 
GLJDFs 
DFETP 
Allocate charges as – 50% to generators and 50% to loads 
Tranmission revenue = Locational charges + Non-locational 
charges 
Calculate locational charges by using MW-mile (negative-flow 
sharing) method with r = 3 
Calculate non-locational payment by using tracing-based 
Postage-stamp method 
 TABLE II 
LOADS USAGE OF TRANSMISSION LINES SYSTEM 
 
Users Load (MW) Actual Power 
Usage (MW) 
Remaining of Li 
(MW) 
L3 322 322 0 
L4 500 500 0 
L7 233.8 233.8 0 
L8 522 522 0 
L12 7.5 7.5 0 
L15 320 320 0 
L16 329 329 0 
L18 158 158 0 
L20 628 628 0 
L21 274 274 0 
L23 247.5 247.5 0 
L24 308.6 308.6 0 
L25 224 224 0 
L26 139 139 0 
L27 281 281 0 
L28 206 206 0 
L29 283.5 283.5 0 
L31 532.1 451.72 80.38 
L39 1104 937.23 166.77 
 
Tables I and II show the generation / load and the actual 
power usage of each generator and load to the line flow. It can 
be seen that generators G30, G32, G33, G34, G35, G36, G37, 
and G38 has fully utilized the transmission lines to deliver 
their available power to the load. The same case happens to 
load L3, L4, L7, L8, L12, L15, L16, L18, L20, L21, L23, L24, 
L25, L26, L27, L28, and L29. On the other hand, G31, G39, 
L31 and L39 have slightly difference from the generation and 
load due to the local load case at bus 31 and 39. 
 
 
 
Fig. 4. Non-locational transmission service charges based on existing and 
proposed Postage-stamp method for generators 
 
 
 
Fig. 5. Non-locational transmission service charges based on existing and 
proposed Postage-stamp method for load 
 
Figures 4 and 5 show the non-locational transmission 
charges for the transmission users calculated based on 
traditional and proposed postage stamp methods. It can be 
clearly seen that the generators and loads with the existence of 
local load pay less charges compared to those market user 
without local load. With the proposed method, the charges for 
G31, G39, L31 and L39 are reduced by 1.365%, 5.3477%, 
1.4859% and 1.4247% and on the other hand it increases the 
charges for other users by 0.4% to 1.213%. 
 
TABLE III 
TRANSMISSION SERVICE CHARGES USING COMBINED MW-MILE 
(NEGATIVE-FLOW SHARING) WITH EXISTING AND PROPOSED 
POSTAGE-STAMP METHOD 
 
Users Transmission service charges ($) Existing method Proposed method 
G30 128,636.45 130,216.3 
G31 541,068.72 533,782.4 
G32 425,968.94 430,076.55 
G33 414,112.27 418,106.14 
G34 343,318.62 346,528.88 
G35 507,654.75 511,762.36 
G36 426,245.5 429,784.37 
G37 312,951.25 316,363.73 
G38 582,658.55 587,903.66 
G39 431,608.05 409,698.7 
L3 369,625.97 371,660.82 
L4 632,166.6 635,326.31 
L7 341,534.04 343,011.52 
L8 790,286.03 793,584.52 
L12 9,602.72 9,650.12 
L15 349,139.16 351,161.37 
L16 314,487.06 316,566.14 
L18 177,758.82 178,757.29 
L20 746,492.84 750,461.43 
L21 279,620.22 281,351.74 
L23 276,296.73 277,860.79 
L24 308,983.23 310,933.4 
L25 235,638.61 237,054.16 
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 L26 153,776.1 1
L27 328,005.87 3
L28 254,007.45 2
L29 330,038.49 3
L31 699,610.32 6
L39 1,512,906.64 1,
Total 12,224,200 1
 
Table III shows the transmission serv
generators and loads based on postag
incorporated with the MW-mile method. A
observed that the proposed method provide
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existence of the local load. 
 
Case 2: 59-bus system of the South East A
system (without local load case) 
 
In this case study, the proposed method
system without local load case which is 
Australian power system as shown in Figure 
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parameters can be found in [12]. The percen
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Fig. 6. The 59-bus system of the South East Australian
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Fig. 7. Comparison of the existing and 
charges method for the transmission users 
 
Figure 7 shows the transmission
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 VI.  CONCLUSION 
It is very important to design and develop an appropriate 
methodology that could allocate the transmission services 
based on the actual usage especially in market environment 
with smart grid implementation. In this paper, the JDFs, 
GGJDFs and GLJDFs are used to identify the net power flow 
and trace the contribution of each market user to the 
transmission lines system. The advantages of this proposed 
method are it can reduce the time taken to generate the new 
factors if different reference bus is chosen and they also 
consider the negative-flow contribution. The proposed pricing 
method, which includes the MW-mile (negative-flow sharing) 
and tracing-based Postage-stamp can be implemented in any 
situation of network system either with or without local load 
case. This method successfully provides a fair and equitable 
transmission service charges as the market participants are 
charged based on their actual usage of the transmission lines 
system. 
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